Enzyme replacement therapy (ERT) is important for the treatment of lysosomal storage disorders. Hypersensitivity reactions with ERT have been reported, and in these cases, desensitisation with the enzyme is necessary. Here we report the cases of 3 patients with lysosomal storage disorders, including Pompe disease and mucopolysaccharidosis type I 
IgE-Mediated Hypersensitivity and

Introduction
Congenital metabolic disorders result from the absence or abnormality of an enzyme or its cofactor, leading to either the accumulation or deficiency of a specific metabolite [1] . Lysosomal storage disorders are caused by defective lysosomal metabolism, which leads to the accumulation of various glycosaminoglycans, glycoproteins or glycolipids in the lysosomes of various tissues [2] . Enzyme replacement therapy (ERT) is vital for the treatment of lysosomal storage disorders, including Pompe disease, mucopolysaccharidosis type I (MPS I) and MPS VI. It is generally safe and well-tolerated, but hypersensitivity reactions (rash, urticaria, angioedema, bronchoconstriction, rhinitis and anaphylaxis) in response to ERT have been reported. However, these reactions are usually mild or moderate [3] [4] [5] .
In the absence of alternatives, such patients require long-term ERT, even if they exhibit hypersensitivity reactions. Therefore, desensitisation with the culprit recombinant enzyme may be essential. Here, we report the cases of 3 patients with lysosomal storage disorders who experienced IgE-mediated hypersensitivity reactions in response to ERT and had positive skin tests with a culprit enzyme (alglucosidase alfa, arylsulfatase B and laronidase) solution. Each patient received the culprit enzyme according to different successful desensitisation protocols designed for each enzyme.
Case Report
Case 1 A 17-month-old girl was diagnosed with Pompe disease during the neonatal period; her brother had previously died from Pompe disease. She had been receiving alglucosidase alfa (Myozyme ® ) ERT (20 mg/kg) every 2 weeks since birth. When she was 4 months old, at the eighth dose of ERT, she experienced urticaria on her face and trunk, without systemic symptoms, 60 min after starting the procedure. The infusion was stopped, and the patient was treated with 0.5 mg/kg of hydroxyzine. The symptoms improved 1 h later and the infusion was restarted. After 10 min, she experienced generalised urticaria again, and so the infusion was discontinued. Two weeks after the reaction, the patient was intravenously premedicated with 1 mg/kg of diphenhydramine and methylprednisolone 1 h before the ERT infusion and the infusion rate was decreased. However, she experienced generalised urticaria again. The infusion was interrupted. When she was referred to our clinic, skin tests were performed with alglucosidase alfa [6] . A skin prick test with an undiluted enzyme and an intradermal test with a 1: 1,000 dilution were negative. However, an intradermal test with a 1: 100 dilution was positive with a 3 × 3 mm wheal and flare compared to the control. A 14-step alglucosidase alfa desensitisation protocol using 5 solutions with concentrations starting from 1/10,000 was used, resembling a protocol previously reported in the literature [6] ( table 1 ) . Since then, she has been receiving ERT with desensitisation every 2 weeks without any reaction.
Case 2
A 5-year-old boy with MPS VI had been receiving recombinant human arylsulfatase B (Naglazyme ® ) weekly since he was diagnosed at the age of 1 year. While receiving ERT at the age of 4 years, he experienced generalised urticaria without systemic symptoms, 30 min after starting the procedure. The infusion was stopped, and the patient was treated with 0.5 mg/kg of hydroxyzine. The following week, he was intravenously premedicated with diphenhydramine (1 mg/kg) and methylprednisolone 1 h before ERT and the infusion rate was decreased. However, he experienced generalised urticaria again 60 min after starting the procedure. The infusion was interrupted, and he was referred to our clinic. Skin prick tests with both undiluted and a 1: 10 dilution of arylsulfatase B and an intradermal test with a 1: 100 dilution were negative. However, an Target dose: 150 mg of alglucosidase alfa. Total time: 360 min. Solution E (1,000 μg/ml): 150 mg of alglucosidase alfa in 150 ml of normal saline solution (SS). Solution D (100 μg/ml): 50 ml of SS followed by 5.5 ml of solution E. Solution C (10 μg/ml): 27 ml of SS followed by 3 ml of solution D. Solution B (1 μg/ml): 27 ml of SS followed by 3 ml of solution C. Solution A (0.1 μg/ml): 27 ml of SS followed by 3 ml of solution B.
Capanoglu et al. ( table 2 ) [5] . While he was receiving the third dose of desensitisation, he experienced urticaria again. The infusion was interrupted. Before desensitisation, the patient was premedicated with hydroxyzine (0.5 mg/kg) and methylprednisolone (1 mg/kg). Since then, he has been receiving arylsulfatase B ERT with desensitisation and premedication weekly without any reaction.
Case 3
A 17-month-old girl was diagnosed with MPS I when she was 10 months old and had been receiving laronidase ERT (0.58 mg/ kg) every 2 weeks. While she was receiving the third dose of ERT, she experienced generalised urticaria, lip-swelling, dyspnoea, tachypnoea and hypotension, 30 min after starting the procedure. The infusion was stopped; the patient was treated with adrenalin (0.01 mg/kg intramuscularly), methylprednisolone (1 mg/kg intravenously), diphenhydramine (1 mg/kg) and nebulised salbutamol, and was admitted to the intensive care unit. When she was evaluated at our allergy clinic, a skin prick test with undiluted laronidase was negative. However, an intradermal test with a 1: 100 dilution was positive with a 4 × 4 mm wheal and a 6 × 6 mm flare reaction compared to the negative control. A 16-step laronidase desensitisation protocol was prepared for her ( table 3 ) . Due to the fact that the patient developed urticaria during desensitisation, she was premedicated with hydroxyzine (0.5 mg/kg) and methylprednisolone (1 mg/kg) before desensitisation. She has been receiving laronidase ERT every 2 weeks with desensitisation and premedication without any reaction since.
Discussion
ERT is important in reducing the morbidity and mortality rates in patients with lysosomal storage disorders. Reactions can be experienced during ERT that can be caused by either IgE-mediated or non-immunologic mechanisms. The majority of infusion-associated reactions are successfully treated by interrupting or slowing the rate of infusion and/or by the administration of antihistamines, antipyretics and/or corticosteroids [4, 7, 8] . However, when these measures fail to prevent hypersensitivity reactions, desensitisation with the culprit enzyme is indicated [9] . In the literature, a few patients have received ERT with desensitisation [3, [5] [6] [7] [10] [11] [12] . Here we reported three cases in which the patients had IgE-mediated hypersensitivity reactions and subsequently underwent desensitisation prior to each application of ERT, without further reactions. However, in 2 of the cases, cases 2 and 3, premedication prior to each desensitisation protocol was needed.
Alglucosidase alfa for Pompe disease, arylsulfatase B for MPS VI and laronidase for MPS I have been used for ERT and have changed the progression of the diseases [13] [14] [15] [16] . Even when allergic reactions are experienced, it is absolutely necessary to continue ERT. Only a few previous reports provide information about patients who have Target dose: 15 mg of arylsulfatase B. Total time: 180 min. Solution B (150 μg/ml): 15 mg (15 ml) of arylsulfatase B in 85 ml of normal saline solution (SS). Solution A (7.5 μg/ml): 38 ml of SS followed by 2 ml of solution B. Target dose: 5.8 mg of laronidase. Total time: 425 min. Solution D (20 μg/ml): 5.8 mg (10 ml) of laronidase in 280 ml of normal saline solution (SS). Solution C (2 μg/ml): 22.5 ml of SS followed by 2.5 ml of solution D. Solution B (0.2 μg/ml): 22.5 ml of SS followed by 2.5 ml of solution C. Solution A (0.02 μg/ml): 22.5 ml of SS followed by 2.5 ml of solution B. been desensitised with the culprit enzyme. Our patients experienced reactions despite slowing the rate of infusion and the administration of premedication. The patients had positive intradermal skin tests with the culprit enzymes. Desensitisation was successfully performed for all 3 patients without any reaction. They have since been undergoing ERT after desensitisation with premedication without any problem.
Generally, it is preferred to use desensitisation protocols after they have been successfully used on at least 10 patients; however, there are only a few patients who have had ERT with desensitisation. Thus, we planned our protocols using the general rules that are suggested by the recent 'EAACI Consensus Statement on Rapid Desensitisation for Drug Hypersensitivity' [17] . We also considered the few protocols that were reported in the literature.
Infusion reactions with ERT have been reported in 14% of patients with Pompe disease. To our knowledge, 3 patients in the literature have been desensitised with alglucosidase alfa. The first was an adult who experienced anaphylaxis during enzyme infusion, and her intradermal test was positive at a 1: 100 dilution. She was desensitised with a 12-step protocol that lasted 12-14 h [6] . A 15-month-old girl also experienced anaphylaxis during treatment and was desensitised over 18 weeks, by doubling the dose of solution every week [18] . A 7-month-old girl who experienced anaphylaxis during treatment had a positive intradermal test with a 1: 1,000 dilution. She was desensitised with a 14-step protocol using solutions of 6 different concentrations [19] . Our patient (case 1) experienced urticaria during infusion, and her intradermal test was positive with a 1: 100 dilution. We used a 14-step protocol, which lasted 6 h, using solutions of 5 increasing concentrations, resembling the protocol used by Karagöl et al. [19] .
In the literature, there is only 1 patient who was desensitised with arylsulfatase B. A 10-year-old patient with MPS VI was reported to have urticaria concomitant with severe conjunctivitis and lip angioedema. The patient had a positive intradermal skin test with a 1: 100 dilution and was desensitised with a 16-step protocol, which lasted for 5 h [5] . Our patient (case 2) had generalised urticaria without systemic symptoms and had a positive intradermal test with a 1: 10 dilution. Because he did not have systemic symptoms, we wanted to use a shorter protocol. We desensitised this patient with a 12-step protocol that lasted for 3 h.
Infusion reactions with laronidase have been reported in 16% of patients with MPS. In the literature, there is only 1 patient who was desensitised with laronidase. An 11-year-old girl with MPS I was desensitised because she had generalised urticaria during a laronidase infusion. Skin tests were not performed. The desensitisation protocol comprised 12 steps [3] . Our patient (case 3) was too young and had previously experienced an anaphylactic reaction during infusion, so we applied the procedure in 16 steps, using a slow increase of the concentrations. The procedure was completed within 7 h.
To conclude, the discontinuation of ERT due to adverse drug reactions is a significant loss for patients with metabolic disorders. When patients with these disorders experience IgE-mediated allergic reactions with enzyme replacement, an allergic evaluation and skin tests should be performed, and continuation of the treatment with desensitisation must be considered.
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